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Corsini A., Zaccheo P., Crippa L., Manachini B. - Nematode colonization of pyrite cinder-polluted soil. 
 
The nematofauna was studied in the early stages of a remediation trial at an industrial site where pyrite 
cinders had accumulated for 40 years in a large area and were then covered with mineral soil. The cinders were 
contaminated with several metals and metalloids. The soil of the experimental plots was derived from the mixture 
of cinders with the covering soil in a 1:1 ratio. Plots were amended with manure and sown with 3 metal resistant 
plants: Sorghum bicolor L., Helianthus annuus L., and Arundo donax L. Samples were taken : a) at the beginning 
of the trial on the pyrite cinders and covering soil, separately; b) from the mixture before the application of ma-
nure; c) from cultivated plots. Nematode communities were compared by using general composition, trophic 
structure, biodiversity and ecology indices. Nematofauna and other soil fauna were not detected in the pyrite cin-
ders. Nematodes were recorded in the covering soil and after mixing with the cinders. In these early stages of the 
remediation process, amending and cropping increased nematode abundance and biodiversity compared to the 
initial situation of the pyrite cinders. The nematode community structures and all calculated indices showed an 
increase in the quality of the soil after the remediation process. Our results showed that phytoremediation brought 
about the repopulation of an extremely compromised area. Moreover, the analysis of nematofauna could be a use-
ful tool for assessing the degree of soil disturbance and soil remediation. 
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INTRODUCTION 
 
    The industrial production of sulfuric acid from 
pyrite results in a large quantity of cinders which 
are extremely contaminated by heavy metals and 
arsenic. Because of the specific chemical and phys-
ical properties of pyrite cinders, the natural coloni-
zation of pyrite cinder disposal sites is a very slow 
process. For this reason, various methods of recla-
mation are applied. One of these methods is phy-
toremediation, which consists of the combined use 
of plants, soil amendments, and agronomic practic-
es to remove pollutants from the environment or to 
decrease their environmental toxicity (SALT et al., 
1998).  
    The main objective of soil remediation is to re-
duce pollutants and heavy metals, support fauna 
and flora colonization, and increase soil health. 
Consequently, chemical analysis for a substance-
based approach is not sufficient because soil is a 
very complex living matrix including soil fauna 
(MANACHINI et al., 2009; EFSA, 2017). Thus, it is 
necessary to also consider ecotoxicological analysis 
for a matrix-based approach (PIVATO et al., 2017; 
PIVATO et al., 2018). 
    Nematodes are considered useful bioindicators 
for many different situations. They can be used in 
ecotoxicological bioassays investigating the effects 
of a substance or a specific soil directly on a focal 
species in the laboratory and/or in microcosms 
(BEYREM et al., 2007; PIVATO et al., 2017; PIVATO 
et al., 2018; GARBO et al., 2019), or the changes of 
their communities and biodiversity due to different 
stresses can be studied directly in the field (WIL-
LIAMSON et al., 2005; ZHANG et al., 2006; EFSA, 
2017; MANACHINI et al., 2009). Following the natu-
ral colonization of a polluted ecosystem, the effec-
tiveness of land reclamation may be evaluated us-
ing nematodes as bioindicators (BONGERS and FER-
RIS, 1999; FERRIS and MATUTE, 2003).  
    Although changes in the structure of nematode 
communities have been widely used to assess the 
ecotoxicological effects of different soil disturb-
ances including several pollutants, e.g. herbicides 
and heavy metals (GEORGIEVA et al., 2002; 
KORTHALS et al., 1996a; KORTHALS et al., 1996b; 
PEN-MOURATOV et al., 2008), there are few studies 
of nematodes associated with waste dumps (ŠÁLY, 
1983; URZELAI et al., 2000; DMOWSKA, 2001). 
Wastes from industrial and agricultural activities 
are complex substrates in which individual harmful 
substances can combine to produce a variety of ef-
fects (HÁNĚL, 2004). Analyses of successive 
changes in nematode assemblages in both reclaimed 
and unreclaimed power plant ash dumps have been 
done in order to provide information about the sen-
sitivity of functional groups of nematodes (DMOW-
SKA, 2001; DMOWSKA and ILIEVA-MAKULEC, 
2006). Other studies have focused on nematofauna 
associated with coal-mining dumps undergoing dif- 
ferent reclamation practices (HÁNĚL, 2002).  
    To date, information on nematodes in soil conta- 
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minated by pyrite cinders is limited to one study, 
conducted in the Czech Republic by HÁNĚL (2002), 
which investigated the natural plant colonization 
process of iron pyrite dumps and other materials 
deposited into the soil over 40 years ago. The au-
thor found that nematode colonization of waste 
dumps was slow, with a prolonged initial stage 
dominated by bacterial feeders of Rhabditida with a 
short generation time. Moreover, even though nem-
atode diversity increased as the humus content in-
creased and moss and grass invaded the dumps, the 
communities exhibited many differences from the 
nearby semi-natural environment. 
    Our study focused on a remediation project that 
started in 2005 in an industrial area in north-eastern 
Italy where pyrite cinders were buried in the soil 
and covered by mineral soil (MARCHIOL et al., 
2007). We examined the influence of this pyrite 
contamination (that ended in the 1970s) and the re-
cent phytoremediation on the soil nematode fauna, 
assessing the bioindicative power of nematode 
analysis. This article reports the changes in nema-
tode communities during the early stages of the 
phytoremediation process, considering: (i) the natu-
ral colonization of the nematofauna and (ii) the ef-
fects of plant species on nematode communities. 
 
MATERIALS AND METHODS 
 
STUDY AREA 
    The polluted site is located in north-eastern Italy 
(Torviscosa, UD, 45° 49’ N, 13° 16’ E, 14 m above 
sea level). The climate is temperate, with a mean 
annual temperature of 13.5 °C and an average an-
nual precipitation of 1200 mm.  
    The study was conducted in an experimental 
field located in a chemical factory that produced 
primary basic as well as fine chemicals. Decree n. 
468/2001 of the Italian Ministry for the Environ-
ment, Land, and Sea includes this area and its sur-
roundings in the national priority list of polluted 
sites, under the name “Laguna di Grado e di Mara-
no”. 
    The whole area, approximately 110 ha, is pollut-
ed with heavy metals and/or organic compounds, 
and the soil of the experimental site is contaminated 
with pyrite cinders, a by-product of sulfuric acid 
manufacturing operations (800 °C roasting tem-
perature); it contains a large amount of iron (about 
50%) and other pollutants, such as arsenic, cadmi-
um, copper and zinc, which are commonly associ-
ated with pyrite. The cinders were deposited on the 
soil for 40 years until the late 1970s. In the site, a 
layer of cinders about 1 m deep was covered by a 
thick layer (about 0.2 m) of less polluted, gravelly 
soil; beneath the cinders, deep impermeable clay 
meant that metal leaching was almost negligible. 
    A selection of analytical characteristics of the 
cinders and the covering soil and mixture, before 
manure amendment, is reported in Table 1. Particle 
size analyses, determined by sedimentation, indi-
cated that the pyrite cinders were sandy loam 
(USDA classification), with a prevalence in the 
silty fraction of the finest sized that implies a sus-
ceptibility to cementation and low permeability. 
This disadvantage may cause serious problems to 
plant roots and soil fauna. The cinders showed a 
neutral pH (1:2.5 soil:water), an absence of organic 
matter, a negligible amount of carbonate, and low 
conductivity (saturated paste extraction). Total met-
al concentration in the cinders was determined by 
ICP-AES after microwave-assisted digestion. Fur-
thermore, the cinders were extracted by the 
DTPA/TEA, LINDSAY and NORWELL (1978). 
    The covering soil was loamy sand, moderately 
alkaline, with a low content of organic matter and a 
small amount of carbonate. 
    In March 2005, the experimental field was pre-
pared in an area of 200 m2. The covering soil was 
dislodged and an equal amount of cinders was ex-
cavated from the cinder layer; they were then me-
chanically mixed and scattered over the area. The 
two soil components (ratio 1:1) had chemical and 
physical characteristics intermediate to those of the 
pyrite cinders and the covering soil (Table 1).  
 
EXPERIMENTAL PLAN 
    The experiment was arranged into 9 plots of 
15.75 m2 (4.5 m × 3.5 m) each. In order to increase 
the organic matter and nutrient content of the mix-
ture, all plots were amended with a dose equivalent 
to 90 t/ha of well-rotted cow manure 15 days before 
sowing. Chemical characterization of the manure is 
reported in Table 2. On 4 May 2005, the plots were 
sown with metal resistant plant species (3 plots per 
species): sorghum (Sorghum bicolor L.), sunflow-
ers (Helianthus annuus L.), and giant reeds (Arundo 
donax L).  
     The species were chosen for their ability to ac-
cumulate several heavy metals (MURILLO et al., 
1999; KAMEL and KHATER, 2004; PAPAZOGLOU et 
al., 2005) and for their adaptability to different eco-
logical conditions. Indeed, a preliminary study by 
MARCHIOL et al. (2007) in the same area demon-
strated the tolerance of these plant species to differ-
ent levels of pyrite cinders. The field trial was ar-
ranged in a randomized block design, with one fac-
tor (species) and three replications. Due to legal is-
sues, the experimental trial was interrupted in July 
2005 and, consequently, it was not possible to con-
tinue the study after this date. 
 
NEMATODE SAMPLING AND EXTRACTION 
    Three bulk samples consisting of 9 cores (core 
diameter 50 mm) were taken from removed pyrite 
cinders as well as from the dislodged covering soil 
(March 2005). All the experimental plots were 
sampled before manure amendment (May 2005) 
and 2 months (July 2005) after sowing (3 replicates 
for each crop). In each plot, nine cores (core diame-
ter 50 mm) from 0-20 cm soil depth were taken 
randomly and combined into one bulk-sample per 
plot. Nematodes were extracted from 2 sub-samples 
each of 150 g of soil using modified Baermann  
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Pyrite cinders Covering soil Mixture 
pH (H2O) 6.90 8.22 7.75 
Organic carbon (g kg-1) 0.00 14.60 9.14 
Electric conductivity (mS cm-1) 2.39 0.57 n.d. 
Total carbonate (g kg-1) 0.14 64.00 n.d. 
Gravel (%) 0.00 72.00 33.00 
Sand  (%)               2 - 0.05 mm n.d n.d. 72.40 
                         2 - 0.2 mm 23.4 58.60 n.d. 
                            0.2 -0.1-mm 21.1 10.20 n.d. 
                      0.1 - 0.05 mm  26.5 9.00 n.d. 
Loam (%)          0.05-0.002 mm n.d. n.d. 25.60 
0.05-0.02 mm 7.60 6.70 n.d. 
0.02 - 0.002 mm  19.9 12.5 n.d. 
Clay (%)                    < 0.002 mm  1.50 3.00 2.00 
        n.d.: below detection limit 
 
funnel. In the case of the cinders, we decided to in-
crease the quantity analyzed up to 3000 g because 
no nematodes were recorded in 300 g of sample. 
Moreover, we decide to check for the presence of 
nematodes in the manure in order to understand if 
there was a contribution of manure to the soil 
nematofauna. 
    The extraction of nematodes was carried out for 
24 hours. After counting the total number of nema-
todes, all were identified at genus level. 
 
Table 2 - Chemical characterization of the manure 
used in the field experiment 
Organic C (mg g-1 d.w.) 316.0 
TKN (mg g-1 d.w.) 19.1 
C/N 16.0 
Total P (mg g-1 d.w.) 8.26 
 
DATA TREATMENT AND STATISTICAL ANALYSIS 
    Nematode diversity was described using the 
Shannon-Wiener Index (H’) calculated at the genus 
level (SHANNON, 1948). As a measure of functional 
diversity, the Maturity Index (MI) was calculated 
according to BONGERS (1990), considering the c-p 
(colonizers-persisters) indices assigned to every 
family. The c-p indices describe nematode life 
strategies and their sensitivity to environmental dis-
turbances, with values ranging from 1 to 5 (from 
colonizers to persisters). We chose to use the origi-
nal version of MI (BONGERS, 1990) because the 
very low abundance of plant feeders recorded in the 
present study did not affect the data. Moreover, fol 
lowing BONGERS (1990), we decided to consider 
the genus Butlerius as c-p 1 because it is strictly 
associated with organic matter, even though other 
authors (GROOTEART et al., 1977) gave to the gene-
ra belonging to Diplogasteridae a high c-p equal to 
3. However, Cp1 taxa can also indicate extremely 
nutrient enriched environments, and Cp2 taxa are 
considered by some authors to be the most tolerant 
group (FERRIS et al., 2003).  
    The nematodes were classified into functional 
groups (FERRIS et al., 2001) to calculate four indi-
ces: Enrichment Index (EI), Basal Index (BI), 
Structure Index (SI) and Channel Index (CI). The 
EI indicates fast-growing, bacteria-feeding and fun-
gi-feeding nematodes with c-p values of 1 or 2. The 
BI contains bacteria-feeding and fungi-feeding 
nematodes with c-p values of 2. The SI measures 
the slow growing and reproducing predatory and 
omnivore nematodes with c-p values of 3, 4, and 5 
(BERKELMANS et al., 2003). The Channel Index 
(CI), a weighted ratio of opportunistic bacterial and 
fungal feeder nematodes, was calculated according 
to FERRIS and MATUTE (2003). 
    The total abundance was transformed into loga-
rithms (x + 1) for the analysis of variance. Data on 
proportions of families and trophic groups under-
went arcsine square root transformation. The com-
bined effects of manure and plant species was test-
ed by ANOVA using SPSS (version 14.0). We did 
not consider seasonal effects on nematofauna fol-
lowing RHAMAN et al. (2007), who reported that 
neither free-living nor plant-parasitic nematodes 
increased or decreased consistently between the 
sampling months. 
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Table 3 - Total and available (DTPA sol. and ammonium sulphate) concentrations of metals and arsenic (As) in 
pyrite cinders, covering soil, and mixture (mg kg-1), along with the concentration thresholds fixed by Italian law  
(ILTL = Italian legal threshold level, Legislative Decree 152/06) for residential soil utilization 
 
  Pyrite cinders  Covering soil   Mixture     ILTL 
Cd  
Total 9.61 3.93 5.53 2.00 
DTPA sol. 0.25 n.m. 0.11  
Cr  
Total 13.90 29.90 18.60 150.00 
DTPA sol. < 0.50 n.m. n.d.  
Cu  
Total 1971.00 69.80 1527.00 120.00 
DTPA sol. 121.00 n.m. 228.00  
Ni  
Total 20.20 31.80 22.90 120.00 
DTPA sol. < 0.20 n.m. 0.22  
Pb  
Total 410.00 107.00 255.00 100.00 
DTPA sol. 71.80 n.m. 13.80  
Zn  
Total 1876.00 100.00 980 150.00 
DTPA sol. 55.80 n.m. 23.64  
As  
Total 750.00 18.00 446.00 20.00 
(NH4)2SO4 sol. n.d. n.m. 3.51   
n.d. – below detection limit 






HEAVY METAL CONTAMINATION 
    The degree to which the materials studied (cin-
ders, soil, and their mixture) were polluted was in-
vestigated through an analysis of the total and bioa-
vailable heavy metal content (Table 3). Our data 
confirm the results of MARCHIOL et al. (2007) for 
the same area.  
     To measure the bioavailable fraction of heavy 
metals, we used 0.01M DTPA/TEA; this extractant 
is currently the most widely used for evaluating 
plant-available micronutrients and contaminants, 
showing good correlations with plant Cu and Zn 
uptake (SIMMONS and PONGSAKUL, 2004). The 
strength of DTPA extraction, nevertheless, was 
higher than those of other frequently adopted ex-
tractants (e.g. CaCl2, NaNO2). 
 
 
NEMATODE COMMUNITY COMPOSITION 
    Nematodes were not detected in the pyrite cin-
ders, probably due to high trace element concentra-
tions and unsuitable physical properties. Nematodes 
were introduced into the soil/pyrite mixture from 
the covering soil. In fact, nematode density in the 
mixture was about half of that found in the covering 
soil. Nematode abundance differed significantly 
among the mixture and giant reed and sunflower 
plots, but not for sorghum. Among the cultivated  
plots, nematode abundance in sorghum was signifi-
cantly lower than in the giant reed and sunflower 
plots (Table 4).  
    In all samples, bacterial feeders were the domi-
nant trophic group, ranging between 96% in the 
mixture and 63% in the sorghum plots (Fig. I). 
    Bacterial feeder abundance was increased almost 
4-fold by mixture amendment and cropping with 
sunflowers and giant reeds, but not with sorghum 
(Table 4). A shift in the bacterial feeder composi-
tion was recorded in all the cultivated plots, with 
Rhabditis becoming the most abundant and domi-
nant genus. Fungal feeders were abundant in the 
covering soil (33%) (Fig. I); their presence dramati-
cally decreased in the mixture, reaching less than 
5% of the total nematofauna. They began to grow 
again in the cultivated plots, particularly in sor-
ghum plots, due to Aphelenchoides (Table 4). 
    Omnivores were absent in the covering soil and 
in the mixture, while they were detected in the cul-
tivated plots; the number of omnivores was signifi-
cantly higher in sorghum plots than in giant reed 
and sunflower plots, though it was associated with a 
great variability. The only genus recorded was But-
lerius, which comes from manure (Table 5). 
    In these early stages of the colonization, plant 
feeders were present in low percentage (<1%) both 
in the covering soil and in the mixture, and no dif-




Fig. I - Trophic group composition (%) in covering soil and a 1:1 mixture of covering soil and pyrite cinders in May and two months after planting with giant reeds, sunflowers or 
sorghum following soil amendment with cow manure.  
 
 







































 Pyrite cinders Covering soil Mixture Giant reeds Sunflowers Sorghum   
Total abundance  ─ 64.0 ± 62.7 34.5 ± 13.9 a 132.0 ± 56.1 b 125.0 ± 52.4 b 46.8 ± 6.5 a  
Number of genera ─ 10 9 9 10 11  
Genera       
c-p value 
        
Bacterial feeders (%) ─ 45.7 ± 46.7 32.7 ±12.3 a 119.8 ± 43.9 b 116.8 ± 46.7 b 29.5 ± 8.3 a  
Rhabditis ─ 5.3 ± 6.7 6.5 ± 3.4 a 99.3 ± 30.0 b 92.3 ± 30.9 b 20.8 ± 10.9 a 1 
Diploscapter ─ 1.0 ± 1.4 ─ 1.8 ± 2.9 2.8 ± 3.1 1.0 ± 1.2 1 
Plectus ─ 6.8 ± 7.9 3.0 ± 1.4 ─ ─ ─ 2 
Cephalobus ─ 26.0 ± 26.9 15.0 ± 5.6 14.8 ± 8.3 12.0 ± 8.8 4.8 ± 2.6 2 
Eucephalobus ─ 4.0 ± 4.5 4.5 ± 3.7 3.0 ± 2.2 7.3 ± 2.2 1.8 ± 2.1 2 
Acrobeloides ─ 2.3 ± 3.9 0.5 ± 0.6 ─ 0.5 ± 1.0 ─ 2 
Teratocephalus ─ 0.5 ± 1.00 3.3 ±4.0 1.0 ± 1.4 2.0 ± 1.8 1.3 ± 1.9 3 
        
Fungal feeders (%) ─ 17.3 ± 14.9 1.3 ± 1.9 5.5 ± 4.5 3.8± 3.6 5.3 ± 5.6  
Aphelenchus ─ 8.8 ± 8.6 1.0 ± 1.4 1.8 ± 2.4 0.8 ± 1.0 1.0 ± 1.4 2 
Aphelenchoides ─ 8.5 ± 10.7 0.3 ± 0.5 a 3.8 ± 2.2 ab 3.0 ± 2.9 ab 4.3 ± 4.3 b 2 
        
Plant feeders (%) ─ 1.0 ± 1.4 0.3 ± 0.5 0.3 ± 0.5 0.3 ± 0.5 ─  
Tylenchus ─ 1.0 ± 1.4 0.3 ± 0.5 0.3 ± 0.5 0.3 ± 0.5 ─ 2 
        
Omnivore/Predators (%) ─ ─ ─ 6.0 ± 8.2 a 3.8 ± 3.3 a 12.0 ± 4.4 b  
Butlerius ─ ─ ─ 6.0 ± 8.2 a 3.8 ± 3.3 a 12.0 ± 4.4 b 3 
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CONTRIBUTION OF MANURE TO THE SOIL NEMA-
TOFAUNA 
    Rhabditis increased from 4- to 16-fold after the 
addition of manure to the mixture. Aphelenchus 
seemed to be unaffected by the manure application; 
Butlerius was introduced by manure (Table 5) and 
found suitable conditions to grow. Diplogasteroides 
and Prorhabditis did not survive in the new habitat.  
 
Table 5 - Contribution of manure to nematofauna in 
soil 
Genus c-p value Manure  Soil  
Omnivore-Saprophytic  47.6 ─ 
Diplogasteroides 1 47.5 ─ 
Butlerius 1 0.1 ─ 
Bacterial feeders  43.9 306.0 
Rhabditis 1 39.2 35.3 
Prorhabditis 1 4.7 ─ 
Total abundance  91.8 428.0 
 
BIODIVERSITY AND ECOLOGICAL INDICES  
    MI and H’ values did not change after mixing the  
pyrite cinders and covering soil, whereas in the cul-
tivated plots they decreased slightly after amend-
ment and sowing (Table 6). The EI in all the culti-
vated plots was very high compared to the values 
recorded in the covering soil and mixture (Table 6), 
suggesting that the ecosystems were highly nutrient 
enriched because of the manure addition. The SI 
was lower in the covering soil and in the mixture 
than in the cultivated plots (Table 6). Moreover, the 
CI was higher in the covering soil compared to the 
values calculated for the other systems where fun-








Table 6 - Maturity Index, Diversity Index and Ecological Indices for nematode communities sampled from cov-
ering soil, mixture and cultivated plots 
 
Indices Covering soil Mixture Giant reed Sunflower Sorghum 
MI 1.9 1.8 1.3 1.3 1.2 
H’ 0.8 0.7 0.4 0.6 0.7 
EI 50.5 54.1 95.0 94.7 88.6 
BI 49.2 45.2 4.9 5.1 7.6 
SI 1.2 3.5 14.0 14.5 21.3 
CI 37.9 3.6 1.2 0.9 5.3 
MI–Maturity Index; H’–Shannon-Wiener Diversity Index; EI–Enrichment Index; BI–




    Probably due to their chemical and physical 
properties, the pyrite cinders were not inhabited by 
soil fauna. In the covering soil, nematodes were 
scarce and mainly represented by bacterial and fun-
gal feeders. This could be due to the soil character-
istic and/or sustained contact with the cinders. The 
presence of heavy metals could have negatively af-
fected the potential colonization by the fauna, as 
reported by YEATES et al. (2003) who found a 
combined effect of Cu, Ni, and Zn on the nematode 
fauna in pasture plots.  
    After mixing the covering soil and the pyrite cin-
ders in a 1:1 ratio, a “dilution effect” resulted in a 
reduction of about one half of the nematode density 
in the mixture soil and a change in the abundance of 
fungal feeders. Agronomic practices and cropping 
modified nematode abundance, in particular in the 
giant reed and sunflower plots.  
    In the covering soil, a very poorly developed 
nematode fauna was recorded, as demonstrated by 
the genera composition of the MI. In fact, the MI 
value was 1.9, which is low, indicating high levels 
of stress or the early stages of colonization and bad 
soil quality.  
There was only one genus with cp-value >2 (Tera-
tocephalus, cp3), and only in low numbers, indicat-
ing that a very poorly developed nematode fauna 
was present. In addition, the SI highlighted that the 
nematode community in the covering soil was not 
well structured, probably due to the absence of om-
nivores and predators.  
   After the pyrite cinders were mixed with the cov-
ering soil, the nematode populations seemed to be 
unaffected by pyrite cinders and agronomic treat-
ments, as demonstrated by the MI and H’ values 
which remained similar to those calculated for the 
covering soil. Moreover, regarding the composition 
of the communities, no differences were recorded 
before and after mixing, with the exception of a de-
crease of fungal feeders in the mixture.  
    The effect of the manure addition was evident in 
all the cultivated plots, as assessed by the EI, sug-
gesting that the ecosystems were more nutrient en 
Riched in the cultivated plots than in the covering  
soil and the mixture. Our data confirm that EI tends 
to increase following organic soil amendment. 
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    Moreover, from the data obtained for the genera 
composition, we can assume that manure could af-
fect nematofauna not only by improving bacterial 
activity but also by introducing new nematode gen-
era into the environment. In fact, a new genus was 
recorded in all the cultivated plots: Butlerius, which 
could have effects on the nematofauna and soil 
quality. Thus the use of manure could be strategic 
in managing extremely compromised or depleted 
soil. Further analyses would be useful for under-
standing the role of nematodes from the manure in 
the new soil ecosystems.  
    Our study revealed that all systems were domi-
nated by bacterial feeders, though not belonging to 
the same c-p group. In fact, in the covering soil and 
the mixture, bacterial feeders mainly belonged to 
Cephalobidae, whereas in the cultivated plots 
Rhabditidae was prevalent. This Rhabditidae domi-
nance was probably due to the short-term effects of 
the perturbation provided by the agronomic practic-
es and, in particular, by the organic matter added at 
the beginning of the phytoremediation process. In 
fact, nutrient enrichment provided to a selection of 
the trophic groups increased opportunist nematodes, 
such as Rhabditis; this could be due to an increase 
of bacterial activity (WASILEWSKA and WEBSTER, 
1975; FERRIS et al., 2001).  
    The effect of different crops on the nematofauna 
was also demonstrated by the MI. In fact, the ma-
turity of the communities in all the cultivated plots 
slightly decreased compared to the one in the mix-
ture before amendment and sowing. Among the cul-
tivated plots, the sorghum had a different genera 
distribution; indeed, Rhabditis abundance was quite 
low, and Butlerius was more abundant. Nematode 
communities inhabiting the covering soil, the mix-
ture, and the cultivated plots consisted of a very 
small number of genera, which is in accordance 
with the results DMOWSKA (2001) found in waste 
dumps. The biodiversity of the communities in the 
mixture and in the covering soil was low, and it did 
not change in the cultivated plots. The H’ values 
recorded in all the cultivated plots were very low 
compared to the ones calculated by DMOWSKA 
(2001). In fact, in a study on the effects of reclama-
tion on nematode communities, this author found 
that H’ ranged from 0 to 1.49 in the non-reclaimed 
ash, and it had higher values in both short (3 years) 
and long (11 years) reclamation trials (1.40−2.55 
and 2.28−3.05, respectively). In our case, nematode 
collection was done only two months after sowing 
sorghum, sunflowers, and giant reeds, and the H’ 
values were below 1, showing the early succession 
of the nematofauna colonisation. 
    In addition, our results confirm that nematode 
colonization of pyrite cinders was a rather slow 
process, with an initial step dominated by Rhabdi-
tidae, as hypothesized by HÁNĚL (2002, 2004). 
Moreover, amending and cropping induced an in-
termediate disturbance (MESTRE et al., 2020) that 
provide an increase in the abundance of enrich-
ment-opportunistic nematodes. Thus, in view of fol-
lowing up on the course of remediation through 
nematofauna analysis, it is essential to consider that 
the early stages of phytoremediation may be strong-
ly affected by agronomic practices. In fact, besides 
the evaluation of the potential of plant phytoreme-
diation in terms of metal removal, it is important to 
consider the soil quality and capacity to support the 
life and recovery of soil organisms. The variation of 
soil nematode communities as bioindicators reflect-
ed a gradual restoration process after the phytore-




This project was partially funded by the Italian 
Ministry of Education, University, and Research 
(PRIN 2005 070803_003). The authors wish to 
thank Simona Landi and Veronica Bruini for their 




BERKELMANS R., FERRIS H., TENUTA M., VAN 
BRUGGEN A.H.C., 2003 - Effects of long-term 
crop management on nematode trophic levels 
other than plant feeders disappear after 1 year 
of disruptive soil management. - Appl. Soil Bi-
ol., 23: 223-235. 
BEYREM H., MAHMOUDI E., ESSID N., HED A., 
BOUFAHJA F., AÏSSA P., 2007 - Individual and 
combined effects of cadmium and diesel on a 
nematode community in a laboratory microcosm 
experiment. - Ecotoxicol. Environ. Saf. ,  68: 
412–418. 
BONGERS T. 1990 - The maturity index, an ecologi-
cal measure of environmental disturbance based 
on nematode species composition. - Oecologia, 
83: 14-19. 
BONGERS T., FERRIS H., 1999 - Nematode commu-
nity structure as a bioindicator in environmen-
tal monitoring. - Trends Ecol. Evol., 14: 224-
228. 
DMOWSKA E. 2001 - Nematodes colonizing power 
plant ash dumps. I. Soil nematodes in ash 
dumps non-reclaimed and reclaimed by adding 
mineral soil and sowing grass. - Pol. J. Ecol., 
49: 231-241. 
DMOWSKA E., ILIEVA-MAKULEC K., 2006 -
Secondary succession of nematodes in power 
plant ash dumps reclaimed by covering with 
turf. - Eur. J. Soil Biol., 42: 164-170. 
EFSA, Panel on Plant Protection Products and their 
Residues, 2017. Scientific Opinion addressing 
the state of the science on risk assessment of 
plant protection products for in-soil organisms. 
EFSA Journal, 15: 4690. 
FERRIS H., BONGERS T., DE GOEDE R.G.M., 2001 – 
A framework for soil food web diagnostics: ex-
tension of the nematode faunal analysis concept. 
- Appl. Soil Ecol., 18: 13-29. 
NEMATODE COLONIZATION OF PYRITE CINDER-POLLUTED SOIL 145 
 
FERRIS H., MATUTE M.M., 2003 - Structural and 
functional succession in the nematode fauna of 
a soil food web. - Appl. Soil Ecol., 23: 93-110. 
GARBO F., PIVATO A., MANACHINI B., MORETTO 
C.G., LAVAGNOLO M.C., 2019 - Assessment of 
the ecotoxicity of phytotreatment substrate soil 
as landfill cover material for in-situ leachate 
management. - Journal of Environmental Man-
agement, 231: 289-296.  
GEORGIEVA S.S., MCGRATH S.P., HOOPER D.J., 
CHAMBERS B.S., 2002 - Nematode communities 
under stress: the long-term effects of heavy met-
als in soil treated with sewage sludge. - Appl. 
Soil Ecol., 20: 27-42. 
GROOTAERT P., JAQUES A., SMALL R.W., 1977 - 
Prey selection in Butlerius sp. (Rhabditida: Dip-
logasteridae). - Mededelingen van de Faculteit 
Landbouwwetenschappen Rijksuniversiteit 
Gent, 42: 1559–1563. 
HÁNĚL L., 2002 - Development of soil nematode 
communities on coal-mining dumps in two dif-
ferent landscapes and reclamation practices. - 
Eur. J. Soil Biol., 38: 167-171. 
HÁNĚL L., 2004 - Colonization of chemical factory 
wastes by soil nematodes. - Pedobiologia, 48: 
373-381.  
KAMEL M.M., KHATER H.A., 2004 - Studies on 
some hyperaccumulator plants in Egypt. - Bul-
letin of Faculty of Agriculture, Cairo Universi-
ty, 55: 661-672. 
KORTHALS G.W., ALEXIEV A.D., LEXMOND T.M., 
KAMMENGA J.E., BONGERS,T., 1996a - Long-
term effects of copper and pH on the nematode 
assemblage in an agroecosystem. - Environ. 
Toxicol. Chem., 15: 979-985. 
KORTHALS G.W., DE GOEDE R.G.M., KAMMENGA 
J.E., BONGERS T. 1996b - The maturity index as 
an instrument for risk assessment of soil pollu-
tion.  In: Bioindicator Systems for Soil Pollu-
tion, van Straalen N.M. & Krivolutsky D.A. 
Eds, Kluwer Academic Publishers, Dordrecht, 
London, pp. 85-93. 
LINDSAY W.L., NORVELL W.A., 1978 - Develop-
ment of a DTPA Soil Test for Zinc, Iron, Man-
ganese, and Copper. - Soil Sci. Soc. Am. J., 42: 
421-428. 
MANACHINI B., CORSINI A., BOCCHI S., 2009 - Soil 
quality indicators as affected by a long term 
barley-maize and maize cropping systems. - Ital. 
J. Agron., 4: 5-22. 
MARCHIOL L., FELLET G., PEROSA D., ZERBI G., 
2007 - Removal of trace metals by Sorghum bi-
color and Helianthus annuus in a site polluted 
by industrial wastes: A field experience. - Plant 
Physiol. Biochem., 45: 379-387. 
MESTRE F., PITA R., MIRA A., 2020 - Species traits, 
patch turnover and successional dynamics: 
when does intermediate disturbance favour 
metapopulation occupancy?. - BMC Ecol., 20 
(2): 1-11. 
MURILLO J.M., MARAÑÓN T., CABRERA F., LÓPEZ 
R., 1999 - Accumulation of heavy metals in sun-
flower and sorghum plants affected by the Gua-
diamar spill. - Sci. Tot. Environ., 242: 281-292. 
PAPAZOGLOU E.G., KARANTOUNIAS G.A., VEMMOS 
S.N., BOURANIS D.L., 2005 - Photosynthesis 
and growth responses of giant reed (Arundo 
donax L.) to the heavy metals Cd and Ni. - Envi-
ron. Int., 31: 243-249. 
PEN-MOURATOV S., SHUKUROV N., STEINBERGER 
Y., 2008 - Influence of industrial heavy metal 
pollution on soil free-living nematode popula-
tion. - Environ. Pollut., 152: 172-183. 
PIVATO A., LAVAGNOLO M. C., MANACHINI B., 
VANIN S., RAGA R., BEGGIO G., 2017 -
Ecological risk assessment of agricultural soils 
for the definition of soil screening values: A 
comparison between substance-based and ma-
trix-based approaches. - Heliyon, 3: e00284. 
PIVATO A., LAVAGNOLO M., MANACHINI B., RAGA 
R., BEGGIO G., VANIN S., 2018 - Acute toxicity 
tests using earthworms to estimate ecological 
quality of compost and digestate. - J. Mater. Cy-
cles Waste Manage., 20: 552-560.  
RAHMAN L., CHAN K.Y., HERMAN D.P., 2007 - Im-
pact of tillage, stubble management and crop 
rotation on nematode populations in a long-
term field experiment. -  Soil Tillage Res., 
95:110-119. 
SALT D.E., SMITH R.D., RASKIN I., 1998 - Phytore-
mediation. – Annu. Rev. Plant. Biol., 49: 643-
668. 
ŠÁLY A., 1983 - The effect of nickeliferous ore 
wastes from the Nickel Works National Enter-
prise at Sered’ upon free living nematodes in 
culture soils. – Biológia, 38: 535-541. 
SHANNON C.E., 1948 - A mathematical theory of 
communication. - Bell Syst. Tech. J., 27: 379-
423. 
SIMMONS R.W., PONGSAKUL P., 2004 - Preliminary 
stepwise multiple linear regression method to 
predict cadmium and zinc uptake in soybean. - 
Commun. Soil Sci. Plant. Anal., 35:1815-1828. 
URZELAI A., HERNÁNDEZ A.J., PASTOR J., 2000 - 
Biotic indices based on soil nematode communi-
ties for assessing soil quality in terrestrial eco-
systems. - Sci. Tot. Environ., 247: 253-261. 
WASILEWSKA L., WEBSTER J.M., 1975 - Free living 
nematodes as disease factors of man and his 
crops. - Int. J. Environ. Stud., 7: 204-210. 
WILLIAMSON W.M., WARDLE D.A., YEATES G.W., 
2005 - Changes in soil microbial and nematode 
communities during ecosystem decline across a 
long-term chronosequence. - Soil Biol. Bio-
chem., 37: 1289-1301. 
YEATES G.W., 2003 - Nematodes as soil indicators: 
functional and biodiversity aspects. - Biol. Fer-
til. Soils, 37: 199–210.  
ZHANG X. K., LI Q., WANG S. B., JIANG Y., LIANG 
W., 2006 -Effect of zinc addition to soil on nem-
atode community structure. - Bull. Environ. 
Contam. Toxicol., 76:589–594.  
